Introduction
In the last two decades Computational Fluid Dynamics (CFD) models have been increasingly used for the calculation of airflow velocities and temperatures in indoor environments for the evaluation of comfort conditions, smoke conditions and air quality. A significant number or scientific papers exists dealing with the application of CFD models in various indoor environments, such as apartments [1] , offices [2, 3] , museums [4] , lecture theatres [5] , classrooms [6] , clinics [7] , industrial premises [8] and car parks [9] . Moreover, CFD models have been combined with other tools or methods for the design of indoor spaces. For example; Desta et al [10] conditions were reviewed in the stadium for various scenarios and uses [14] .
The present work demonstrates the application of a CFD model to calculate airflow velocities and temperatures in the Galatsi Arena, shown in Figure 1 ; the Arena hosted the sports of rhythmic gymnastics and There are three main types of CFD methods: (1) Direct Numerical Simulation (DNS), (2) Large Eddy Simulation (LES) and (3) Reynolds Averaged Navier-Stokes (RANS).
A short presentation of these methods can be found in Stamou and Katsiris [3] . These methods are employed in various efficient computer codes, which are most frequently 4 used for indoor CFD calculations, such as PHOENICS [16] , FLUENT [17] and CFX [18] . In the present work, the latest version of the computer code CFX [18] was used.
The CFX code calculates the 3-D flow field and heat transfer using the continuity, momentum and energy equations, which are written as follows:
where t is the time, x i is the Cartesian coordinate in the i-direction, U i is the flow velocity in the i-direction, is the density of water, T is the temperature, P is the pressure, is the molecular viscosity of the water and g i is the acceleration of gravity.
For the calculation of the Reynolds (turbulent) stresses (RTS), the assumption of the isotropic turbulence is applied combined with the Bussinesq approximation, i.e.
where t is the eddy viscosity, ij is the Kronecker delta ( ij =1 for i=j and ij =0 for i≠ j ) and k is the average turbulent kinetic energy per unit mass, given by
Similarly, the Turbulent Thermal Stresses (TTS) are calculated by the following
where T is the turbulent Schmidt number for T. 
The turbulence model
In the present work, turbulence is modeled with the Shear Stress Transport (SST) kbased model [19] . This model combines the standard k-model [20] and the k-model [21] ; virtually, it is a transformation of the k-to a k-formulation and a subsequent addition of certain equations.
The standard k-turbulence model [20] relates the eddy viscosity to k and the rate of its dissipation ( ) via the following equation.
where c is an empirical constant and is given by the following equation
The distributions of k and are calculated from the following semi-empirical modeled transport equations
where G is the production term of k by the mean velocity gradients given as follows
The standard values of the constants c =0.09, c 1 =1.44, c 2 =1.92 and the turbulent Schmidt numbers for k and , k =1.0 and =1.3, respectively, are used in the present computations.
The standard k-model [21] relates the eddy viscosity to k and to the turbulence frequency ( ).
The k and are calculated from the following model transport equations
The standard values of the constants are ' 
Discretization and solution of the equations
The finite control-volume method is implemented for the spatial discretisation of the domain. The continuity, momentum and energy equations are integrated over each control volume, such that the relevant quantity (mass, momentum, energy, k, and ) is conserved, in a discrete sense, for each control volume. For the continuity equation 
Boundary conditions and the numerical grid
In Figure 3 a view of (a) the real geometry and (b) the simulated geometry of the interior of the Arena are shown. Figure 3 depicts that the simulated model has almost the same geometrical configuration as the real Galatsi Arena.
Galatsi Arena was modeled with a normal occupancy of 6,000 persons. Existing furniture, supply-exhaust devices, lights etc. were included in the model with their approximated dimensions to simulate the real environment. The supply and exhaust boundary conditions were specified to summer conditions; the outdoor air temperature was set equal to 36.5 o C. The air flow-rates and the temperatures of the air supply diffusers and jets were set equal to their actual values, while at the extract grilles and openings the pressure was set equal to the atmospheric pressure.
Heat fluxes were modeled to represent the amount of heat generated by the occupants, e.g. spectators and athletes, and the furniture in Galatsi Arena. Each simulated occupant was assumed to have a surface area of 1.6 m 2 and was modeled to generate convective heat equal to 70.0 W. This value corresponds to 43.7 W/m 2 [23] . At the walls, floor and 10 ceiling of the Galatsi Arena the "radiation" condition has been applied, which does not require the specification of temperatures at these boundaries.
In Figure 4 To reduce the total computation time the initial air temperatures were set equal to the values determined by a simple heat balance assuming that the Arena is a completely mixed reactor; these values were calculated equal to 23.52 C and 25.08 C for T in =14 C and 16 C, respectively.
Results and discussion

Air velocities and temperatures
In Figure 5 calculated flow velocities (arrows on separate equidistant grids) for T in =16 C at two vertical planes yz at (a) x=10.0 m and (b) x=30 m, respectively, are
shown. In Figure 6 velocity contours are shown at a horizontal plane xy and z=1.0 m for (a) T in =14 C and (b) T in =16 C, respectively. In Figure 7 the calculated air temperature contours are shown, which correspond to the flow field of Figure 5 ; for comparison purposes the corresponding temperature contours for T in =14 C are shown in Figure 8 .
Moreover, in Figure 9 the temperature contours, which correspond to the flow fields of Figure 6 , are plotted. In Table 1 Figures 5 to 9 show that the flow field in the Galatsi Arena is very complicated;
this is due mainly to the interaction of the incoming airflow from the 256 diffusers with the buoyant plumes originating from the 6,000 occupants, who constitute a significant heat source in the Arena. Figure 5 depicts that the heavy airflow from the diffusers in the roof of the Arena is directed downwards, where it joins the airflows from the diffusers above the entrances; the resulting flow is subsequently "lifted"; then, is descends to lower levels and finally it is directed to the outlet openings. The air velocities decrease as the flow progresses downwards. Practically, the above-mentioned flow forms a clockwise recirculation region, which occupies a large part of the Arena;
in the area of athletes almost completely mixed conditions are created. Two recirculation regions are also formed in the areas of corridors from the airflows of the diffusers in the roof of the Arena, which are directed towards the inner walls. 
Thermal comfort
ISO 7730 [25] defines thermal comfort as "the condition of mind that expresses satisfaction with the thermal environment". The reference to "mind" emphasises that comfort is a psychological phenomenon; therefore, it is "measured" using subjective methods. Over many years empirical research has related environmental conditions to physiological and subjective responses of subjects. Nowadays, the thermal comfort Table 2 .
The figures of Table 2 In the present work the factor of humidity was not considered, because people are quite insensitive to humidity levels over a wide humidity range -at the temperatures, which are normally found in air-conditioned spaces. Furthermore, the effect on comfort of a shift in humidity may be compensated for by a small adjustment of air temperature;
for example, higher humidity makes a person feel warmer, thus a slight lowering of temperature will compensate for the comfort effect of this higher humidity. 
